Five human clones containing genomic regions of polydA have been isolated by their ability to form intermolecular triple helices with agarose cross-linked polyU. All of these clones contain Alu repetitive DNA sequences. End-labelled DNA fragments containing these sequences have been successfully reconstituted onto nucleosome core particles by salt exchange. The structure of these has been examined by digesting with DNase I, hydroxyl radicals or diethylpyrocarbonate. DNase I cleavage of the polydA tracts is poor in the free DNA but is markedly enhanced at certain positions when complexed with nucleosome cores. Phased digestion patterns are observed which continue through the (A) n blocks and reveal an average helical periodicity of about 10 base pairs. The distance between adjacent maxima varies between 8-12 base pairs, suggesting that the exact helical repeat is not necessarily constant. One fragment containing the sequence (TA) 11 T 34 reveals a 12 base pair repeat within the (AT) n region. A pUC19 polylinker fragment containing a block of A^.Teg cloned into the Sma\ site could also be reconstituted onto nucleosome cores and reveals the same phased DNasel digestion pattern. The DNase I cleavage pattern is not identical at each of the maxima, suggesting that the structural distortions imposed by the core particles are not constant along the DNA.
INTRODUCTION
It is now well established that many DNA fragments do not sit randomly on nucleosome core particles but are held in preferred orientations [1 -3] . The major factor determining the rotational positioning of DNA is the local DNA sequence, affecting its flexibility and curvature [4] [5] [6] [7] . Sequences which easily adopt a curved configuration are readily incorporated onto nucleosomes while other more rigid sequences are excluded [8] . The most notable DNA which does not reconstitute onto nucleosomes in vitro is polydA.polydT [9] [10] [11] . This polynucleotide is thought to adopt an unusual configuration in which the base pairs are highly propeller twisted forming a rigid structure which is hard to deform, resistant to nuclease attack and intercalative drug binding [12] [13] [14] [15] .
Poly(dA) tracts are common in most eukaryotes. These are located in introns and, for primates, are mainly found in die Arich regions located at the 3'-end of Alu repeats, within longer sequences of a repetitive nature [16] [17] [18] [19] . Several poly(dA) tracts are known to represent regions of nuclease sensitivity [20] . It has been suggested that these elements might affect chromatin structure by excluding nucleosomes and assisting the entry of transcribing proteins [21, 22] . In this paper we describe a method for isolating genomic sequences containing tracks of polydA.polydT and examine the ability of fragments containing these sequences to reconstitute onto nucleosome core particles.
MATERIALS AND METHODS

Isolation of genomic polydA clones
Human genomic clones containing long A-tracts were isolated by exploiting the ability of such regions to form intermolecular triple helices with polyU cross-linked to agarose [23] . 50/tg human placental DNA (Sigma) was digested with &U/3A1 and dissolved in 10/tl Tris-HCl pH8.0 containing lOOmM NaCl and lOmM MgCl 2 , ionic conditions which are known to favour triple helix formation. This was then added to 250/xl of agarose cross-linked polyU (Pharmacia) which had been equilibrated with the same buffer. After overnight incubation at room temperature the agarose was washed 8 times with lml buffer. Bound DNA was then eluted from the matrix by washing with 250/tl of TrisHCl pH8.0 containing 20mM EDTA and 50/ig/ml RNase. The magnesium was removed and the ionic strength decreased to destabilise the triplexes formed between the genomic regions of polydA.polydT and the agarose-bound polyU. RNase was included so as to ensure complete removal of any bound DNA by digesting the polyU. The resulting DNA was precipitated with ethanol and cloned into the BamUl site of plasmid pUC19. About 20 white colonies were picked off X-gal plates and sequenced using the T7 sequencing kit (Pharmacia). digestion with Fnu4Hl. The DNA fragments of Interest (200-270 base pairs) were separated from the rest of the plasmid on 5% non-denaturing polyacrylamide gels. In some instances the DNA was labelled at the opposite end by cleaving with EcoRl and Pstl. The fragment containing the synthetic insert A^.Tĉ loned in the Smal site of pUC19 was prepared as previously described [24, 25] .
Reconstitution onto nucleosome core particles. Nucleosome core particles derived from chicken erythrocytes were prepared as previously described [4, 5] and stored at -20°C in 50% glycerol. The DNA fragments of interest were reconstituted onto the nucleosomes by salt exchange as previously described [4, 5] by incubating the labelled DNA (approximately lnmole base pairs) with 50/ig nucleosome core particles in a high salt buffer. The salt concentration was slowly decreased to 70mM by stepwise additions of 5mM Tris-HCl pH 8.0 containing lmM EDTA and 0.1%(v/v) nonidet P40. Incorporation of the DNA into nucleosomes was checked by retardation on agarose gels and was found to have occurred in every case.
Digestion of reconstituted core particles.
Nucleosome core particles were digested with DNase I as previously described [4, 5] . Since higher concentrations of enzyme are required for digesting the nucleosome-bound fragments, due to the presence of a large amount of unlabelled DNA from the chicken nucleosomes, all changes in DNase I cleavage are not absolute but are expressed relative to other bands in the digests, comparing with that seen for the free DNA. Hydroxyl radical cleavage was achieved by mixing 10/d reconstituted core particles (made using fresh nucleosomes containing no glycerol) with 20/il of a freshly prepared mixture containing 50/xM ferrous ammonium sulphate, 100/tM EDTA, 2mM ascorbic acid and 0.01% hydrogen peroxide. The reaction was stopped after 10 minutes by addition of 4/il lOOmM thiourea. The mixture was extracted with phenol and precipitated as previously described for DNase I [4] [5] . Modification by diethylpyrocarbonate (DEPC) was achieved by mixing 10/tl reconstituted cores with 5/tl DEPC. The reaction was terminated after 5 minutes by extracting with phenol. After removing the proteins the DNA was cleaved by boiling in 10% piperidine and subsequently lyophilised.
Gel electrophoresis
Products of the DNA cleavage reactions were redissolved in 80% formamide containing lOmM EDTA, lOmM NaOH and 0.1% bromophenol blue. Samples were boiled for 3 minutes before loading onto 7% polyacrylamide gels containing 8M urea. Electrophoresis was carried out a 1500V for about 2 hours. After electrophoresis gels were fixed in 10% acetic acid, transferred to Whatmann 3MM paper, dried under vacuum at 80°C and exposed to autoradiography at -70°C with an intensifying screen. Gels were scanned with a Joyce-Loebl chromoscan 3 microdensitometer.
RESULTS
Isolation of polydA clones
Five of the out of the twenty clones contained long tracts of adenines; their sequences are shown in Figure 1 . This method is clearly an inefficient means of isolating polydA containing genomic clones (note the high percentage of 'random' clones), but its success is evident since clones k9, klO and kl7 contain regions of 31, 14 and 41 A residues respectively. Clone k2 contains a block of 34 T residues with an additional tract of alternating AT. Clone kl6 contains a region of (ATTT^; we can not be certain whether this clone was obtained via specific intermolecular triplex formation.
For each of clones k9, klO and kl7 the sequences to the 5'-side of the polydA tracts are very similar and consist of the 3' portion of Alu repetitive DNA [16, 18] . The sequences to the 3'-side of the polydA tracts show no homology with each other or any other sequence in the EMBL database. Clone kl6 also contains the Alu repetitive sequence, in the opposite orientation, at the 3' end of the A-rich repeat. Clone k2 is unusual since the 3'-end corresponds to bases 41 -62 of the consensus Alu sequence; the poly(dA) tract is therefore in an unusual position.
Digestion of nucleosome-bound genomic polydA clones
Each of the labelled DNA fragments derived from these clones were successfully reconstituted onto nucleosome core particles as judged by their retardation on agarose gels (not shown). The rotational positioning of the DNA on these reconstituted core particles was assessed by digestion with various cleavage agents. Figure 2 presents DNase I digestion of fragments k9 and kl7 both free and bound to nucleosome core particles. Histograms of the core cleavage patterns of the polydA tract, derived from densitometer traces of the data for kl7, are presented in Figure 3b . Looking first at the patterns for k9 (containing a block of 31 contiguous adenines) it is apparent that the DNase I cleavage pattern has been altered throughout the sequence, both above and below the polydA tract. The regions of strongest DNase I cleavage for the core DNA are indicated by the arrowheads; these often correspond to regions which are cut much less well in the free DNA. Cleavage within the polydA tract is poor in the free DNA, as previously observed by several other workers for homopolymeric blocks of A and T. This is increased in the core DNA but is not even along its length. However, cleavage within this region is still too low to deduce the rotational positioning of individual bonds. Further information about the positioning of this fragment on the core particles can be gained from the hydroxyl radical cleavage patterns presented in Figure 3a . Cleavage in the free DNA (not shown) is an even ladder of bands, when complexed to the core particles a phased cleavage pattern is evident. This pattern has a repeat of 10-11 base pairs and continues into the polydA tract and beyond. The positions of optimal DNase I cleavage (arrowed) coincide with the peaks in the hydroxyl pattern and are each staggered from them by 2 bases in the 3'-direction. Although the peaks in the hydroxyl radical pattern show a phased pattern, with 74 bands between the first 7 peaks, giving a helical repeat of 10.6 base pairs, there is local variability in the exact number of bases between the most strongly cut bands. The distances between the first five peaks are 12, 10, 10, 11, and 12 base pairs respectively. Even allowing for some Figure 2 . DNase I cleavage of Hinffll-EcoR 1 fragments from clones k9 and k 17. 'F' corresponds to cleavage of the free DNA, 'C to the DNA complexed with the core particles. The track labelled 'G' is a dimethylsulphate-piperidine marker specific for guanine. For k9 the DNA was labelled at the 3'-end of the WndHI site; both labelled strands are presented for kl7. The far right hand panel shows a lighter exposure of the cleavage in the polydA tract, derived from a gel which has been overrun. The arrowheads (<) indicate the regions of maximal DNase I cleavage.
error in determining the strongest bands it seems that the repeat is not constant along the nucleosome. The phased cleavage pattern continues into the polydA tract. Figure 2 also presents DNase I cleavage of clone kl7 (containing a block of 41 contiguous adenines), labelled on both strands. Once again the pattern is modulated periodically by the core particles on both sides of the polydA tract. There is increased, though uneven, cleavage throughout the polydA tract, relative to the intensity of other bands in the digest. The cleavage pattern within the polydA tract for the EcoRI labelled fragment can be seen more clearly in the right hand panel of Figure 2 and in the histograms presented in Figure 3b . The histogram reveals a 10 base pair phasing of DNase I cleavage within this polydA tract with maximal rates of cleavage at the 9th, 18th and 29th adenine on the upper strand and at the 5th, 15th and 25th thymine on the lower strand. These maxima are staggered by about 3 bonds in the 3'-direction across the two strands as previously observed for DNAse I. However, additional strong cleavage products are also apparent midway between these maxima at positions 13, 23 and 33 on the top strand and positions 20 and 30 on the bottom strand. It seems that although this sequence is able to wrap around the nucleosome cores it may not have a unique position, but can exist in two orientations which are 180° out of phase. In both cases the cleavage pattern shows a 10 base pair repeat.
Also shown in Figure 3b is the modification of the adenine tract by diethylpyrocarbonate (DEPC). This too shows a phased pattern which is out of phase with the major products of DNase I cleavage. The strongest modification occurs at positions 14, 23 and 33. DEPC reacts with adenine N7 within the major groove, while DNase I cuts across the minor groove; we expect the modification by these two reagents to be out of phase. Figure 4 presents DNAse I digestion patterns for nucleosomes reconstituted with sequence k2 and kl6. Looking first at the data for k2 it can be seen that in the free DNA the polydA tract shows almost no DNase I cleavage while the adjacent region of (TA) n reveals an alternating cleavage pattern in which ApT is cut much better than TpA (products from the latter are barely visible). When this DNA is bound to the core particles the pattern is dramatically altered. New digestion products can be seen within the polydT tract, separated by about 10 base pairs. In addition digestion of the block of alternating AT is highly phased, with much weaker products at the centre. These changes can be seen more clearly in the histograms shown in Figure 5a . Maximal DNase I cleavage within the polydT tract occurs at the 9th, 17th and 27th bases. This is followed, twelve bases later, by strong cleavage of the 3rd and 9th ApT steps. It appears that within the polydT tract the DNA shows a 10 base pair repeat, whereas within the region of alternating AT the repeat unit is closer to 12 base pairs. Cleavage of the ApT bonds is still much better than the best cleavage within the polydT tract, although the difference is much less pronounced than in the control. It should also be noted that within the alternating AT tract ApT is still cut much better than TpA. This will be considered further in the Discussion. Also shown in Figure 4 is DNase I cleavage of sequence kl6 containing a block of (ATTT^. Once again the cleavage pattern is altered by wrapping around the nucleosome. Cleavage of the (ATTT)9 block in the free DNA is weaker than in the rest of the fragment and shows an unusual pattern with the strongest bonds corresponding to the second TpT steps (i.e. ATTT). This in itself is surprising since as already noted polydT is cut very poorly by the enzyme and alternating AT shows much better cleavage of ApT than TpA. The ApT bond in this sequence shows almost no cleavage, similar to that at the first TpT and at TpA. When this DNA is complexed with nucleosomes the TpT step at the centre of the block is strongly enhanced, with bands on either side showing a reduced rate of cleavage. One new product is visible towards the 3'(lower) end of this block corresponding to the penultimate ApT step. This can be seen more clearly in the histograms presented in Figure 5b . Within the (ATTT)9 repeat the DNase I pattern shows a 12 base pair repeat. We can not be sure from this data whether this represents the true helical repeat of the core-bound fragment, or whether it is only apparent because many of the bonds are uncut in both free and core-bound states. We have therefore performed hydroxyl radical footprinting on this DNA fragment. Hydroxyl cleavage in the free DNA is an even ladder of bands as expected; the densitometer trace for the nucleosome-bound DNA is presented in Figure 4c and this is compared with the DNAse I data in Figure 4b . Each of the maxima in the hydroxyl radical cleavage pattern corresponds to a TpT step (ATTT) and shows a pattern in which the first two maxima are separated by 8 base pairs, while the second pair are 12 base pairs apart. The possible reasons for these difference will be considered in the Discussion.
Each of the natural DNAs fragments described above can be successfully complexed with nucleosome core particles, forming defined structures in which the DNA adopts preferred orientations on the protein surface. In these fragments the A-rich tracts comprise between 15-30% of these labelled DNA. In order to assess whether polydA tracts representing a greater proportion of the DNA can also orient on nucleosome cores we have performed similar experiments using a DNA fragment containing a block of (T)(0.(A) w cloned within the Smal site of the pUC19 polylinker [24, 25] . This polydA tract comprises 60% of the DNA sequence. Agarose gel electrophoresis confirmed that the fragment could indeed be complexed with core particles. DNase I digestion patterns are presented in Figure 6a . The free DNA shows no detectable cleavage within the polydT tract; only 2 -3 bonds at the 3'-(lower) end are cut. When bound to the core particles significant cleavage is seen at several positions within the polydA tract, while cleavage at the bonds at the 3'-extreme is reduced relative to other bands in the digestion. The pattern can be seen more clearly in the histogram shown in Figure 6b . Clear maxima can be seen at residues 38, 48 and 59/60 (reading from 3' -5'; bottom to top). Cutting is much weaker between positions 20 -35 and the regular cleavage pattern is lost around positions 10-20 with an anomalously high rate of cleavage at position 15.
DISCUSSION
PolydA clones
The method used for isolating genomic regions of polydA has clearly been successful, though somewhat inefficient. Each of the 5 clones examined contained a long AT-rich region adjacent to a portion of Alu repetitive DNA. Since Alu sequences represent about 2% of the human genome, and only a fraction of these contain long polydA tracts at their 3'-termini, the isolation of 5 such clones out of 20 represents a significant enrichment in such sequences. Alu sequences are presumed to represent retroposons which have been inserted at many locations within primate genomes [26, 27] . Such sequences contain A-rich regions at their 3'-ends which presumably represent the polyA tail from the original RNA species. Although Alu sequences containing pure regions of polydA have been reported they are more commonly interspersed with other DNA bases, especially T. If Alu repeats are indeed retroposons then it seems likely that those containing uninterrupted regions of polyA represent more recent transpositional events. Alu sequences have been divided into several subsets on the basis of concerted base substitutions, with supposedly different evolutionary origins [28] [29] [30] . Matera et al. [27] have suggested that the PV subset represents one of the most recent transpositions and that most members of this subset contain polyA tracts at their 3' ends. Although the clones obtained in this paper contain only the last 50 bases of Alu repetitive DNA, and so can not be properly assigned to one or other of the subtypes, it is worth noting that the base corresponding to position 238 of the consensus Alu sequence (the 5th base of k9, klO and kl7) is either T(k9), A(kl0) or G(kl7) whereas the PV subtype generally contains a C in this position [27] . This rather limited comparison may suggest that either the PV subtype is not the only recent transposition or that these polydA tracts have been conserved from older events.
Digestion patterns
The various digestion patterns demonstrate that each of the polydA fragments can be incorporated into nucleosome core particles and confirm that this interaction is not random, but that the DNAs are bound in specific orientations. On reflection this is surprising since none of the fragments are the same size as the normal nucleosomal repeat (140 base pairs). The T w fragment is too short (120 base pairs) while fragments from k2, k9, kl6 and kl7 are too long (161, 204, 273 and 209 base pairs respectively). However, previous studies on nucleosome positioning have also used DNAs which are too long for mononucleosome formation [4] . For fragments from k2, k9 and k 17 the polydA tract is too close to the centre of the fragment to permit the formation of a structure with the A-rich region hanging off the end of the nucleosome. However kl6, containing a block of (ATTT)9, is long enough to form a structure with the 5'-end complexed to the core particle, terminating just before the (ATTT) repeat, leaving the remainder of the sequence hanging free. Clearly this does not occur since the cleavage pattern in this region is highly phased; the core particles are bound to this sequence in a structure which incorporates the (A'l'l'I 1^ region. It should also be remembered that the reconstituted nucleosomes have been prepared by 'salt-exchange' and therefore represent the interaction between DNA and the histone octamer under conditions of high salt. This need not be the same as that found at low salt [31] . The results are best explained by considering each of the fragments separately.
CDes-Wsh
The central portion of this fragment reveals a DNase I pattern with a repeat of about 10-11 base pairs. Despite the regular nature of the pattern the cleavage intensity at each of the peaks shows considerable variation along the length of the fragment. DNase I cleavage at bases 38 and 48 is much greater than corresponding peaks around 28 and 58. Since the DNA sequence is the same at all these positions the differences in cleavage intensity must arise from either variations in the local distortion of the DNA helix as it wraps around the protein core or changes in the accessibility of the DNA on the protein surface. It is worth remembering that polydA. polydT tracts in free DNA are cut with very low efficiency by DNase I [31] . The cleavage that we observe in the nucleosome-bound polydA tracts is not only phased, but is much greater than that in the free DNA when compared with the cleavage of other bands in the digest. Since the efficiency of DNase I cleavage is related to the local DNA structure it appears that the conformation of the polydA.polydT tracts must have been distorted on interaction with the core particles. It has previously been suggested that the precise helical repeat varies along the core-bound DNA [3] . Our results may suggest that the polydA tract is more distorted towards the centre of the core particle, witness the greater DNase I cleavage. This could be because the polydA tracts are forced to adopt a more normal structure or because the DNA bending opens up the narrow AT minor groove allowing better DNase I cleavage. However Satchwell et al. [7] , measuring the frequency of occurrence of the dinucleotide step ApA along the nucleosome, saw a roughly equal amplitude at each of the maxima; much longer A n tracts were located towards the ends of the nucleosomal DNA. In addition other authors have shown the accessibility of nucleosomal DNA to cleavage by DNase I and micrococcal nuclease is not constant at each of the maxima [32, 33] . In particular positions 30, 60, 80 and 100 (which should correspond to positions of maximal DNase I cleavage) were less accessible than other maxima located at 10 base pair intervals [32] . The different DNAse I cutting efficiencies that we observe at each of the cleavage maxima, may therefore be caused by changes in the accessibility of DNA on the surface of the core particle rather than by variations in the distortion of the DNA helix.
PolydA.polydT is thought to adopt an unusual rigid structure based on a 10.0 base pair repeat [14, 34] . Is this repeat altered on interaction with the nucleosome? There is insufficient data from the well-defined peaks in DNase I cleavage accurately to assess the helix periodicity. However troughs in DNase I cleavage occur at positions 23, 33, 44, 54/55 and 64 suggesting a helical repeat of 41/4 i.e. 10.25 base pairs. The accuracy of this value is limited by the length of the repeat unit-only one more base in each direction would alter this figure to 10.0 or 10.5. If the region for determining the helical periodicity is extended down to the trough at position 4/5, then the repeat seems to be 60/6 i.e. 10 base pairs, similar to that seen in free solution. It is therefore tempting to suggest that the 10.0 base pair repeat of this DNA has been retained on binding to the core particle. However, this may not be an accurate reflection of the structure since it has included the region between positions 10-20 which does not fit the regular cleavage pattern.
k9 and kl 7. The DNase I digestion patterns of these fragments reveal a periodic cleavage extending throughout the resolvable portion of the autoradiograms. Strongest bands are located at about 10-11 base pair intervals; these continue into and through the polydA tracts. We presume mat some structural feature(s) of the surrounding sequences is responsible for the nucleosome positioning and that the polydA tracts fall in with the phasing produced by the rest of the fragment. Since DNase I produces an uneven cleavage ladder, in which some products are absent from both the free and nucleosome-bound lanes, it can not be used rigorously to assess the exact helical repeat, and how this might vary at different positions along the nucleosome. The data for the bulk of die 'mixed-sequence' DNA suggest that the DNA is located in a precise orientation. This contrasts with the DNAse I cleavage patterns found within the polydA.polydT tracts, which seem to indicate more than one set of phased cleavage products. The strongest set of products coincide with the data for modification by DEPC, revealing those positions of the major groove which are most exposed. Once again we can see that not all maxima within the polydA tracts are equally susceptible to cleavage. For example the DNase I data for kl7 (Figure 3b) show peaks around adenine numbers 8, 18 and 28 yet there is no evidence for the expected maximum at position 38.
kl6. This fragment containing the block of (ATTT)9 is also wrapped around the nucleosome cores in a unique orientation as judged by both DNAse I and hydroxyl radical cleavage. The unusual DNase I cleavage pattern does not allow determination of the precise helical repeat. Strongest cleavage of the proteinbound DNA is found at the second TpT step of the fifth (ATTT) repeat; most of the other bands show reduced cleavage on the core particles. The hydroxyl radical pattern for this region is phased yet each of the strongest bands corresponds to cleavage of an Alll step. Since each of these is located at four base pair intervals this can only achieved by an uneven peak to peak distance; twelve base pairs for the first and eight for the second. Although this gives an average value often base pairs it suggests that there can be considerable variability in the way that local sequences interact with the nucleosome core. Presumably the structure of this type of repeat is such that there is strong pressure to position certain base steps at specific positions around the core particle. Alternatively this unusual pattern may be a reflection of some of the anomalous sequence preferences found in the region of the dyad [7] . The curvature imparted by short oligodA tracts may also be a relevant factor affecting the preferred orientation.
k2. This DNA sequence containing an adenine tract adjacent to a block of alternating A and T also shows clear evidence of specific positioning on the core particle. DNase I cleavage of some positions within the polydA tract is strongly enhanced by complexing with the nucleosome, suggesting that the local DNA structure has been distorted to a form more readily cleaved by this enzyme. However it should be noted that this is still weaker than that observed at the maxima in the (AT) n tract. The distance between the maxima for the polydA tract is not constant (10 and 8 base pairs) as too is the local cleavage pattern. Inspection of Figure 4 shows that the upper peak (closest to the (AT) n tract) consists of a triplet of bands of similar intensity, whereas at the other two maxima only one band is strongly cleaved. In order to accommodate this or any other DNA around the nucleosome it must necessarily be bent or kinked. Within heterogenous DNAs certain base steps can be bent more easily man others, whereas in the polydA tracts each bond should by equally deformable. The exact position of the bend will therefore be determined solely by the contacts that are made between the DNA and the protein on the surface of the core particle. The two cleavage peaks for the (AT) n tract are separated by 12 base pairs. However this may not necessarily imply a helical repeat of 12 base pairs since the intervening TpA steps are resistant to nuclease attack. For example we could imagine a situation in which the minor groove faces out from the protein at the TpA steps after the first peak but before the second peak; these are separated by 10 base pairs. However the distance between the last maxima in the polydA tract and the first in the (AT) n sequence is also 12 base pairs, and can less readily be reconciled with such an explanation. We therefore suggest that within the region of alternating AT the DNA can adopt a structure widi 12 base pairs per turn, different from the values of 10.6 determined by DNase I digestion [35] and 11 from fibre diffraction studies [36] .
Implications
Long polydA tracts are common in most eukaryotes, and for primates are usually found at the 3'-end of Alu repeats. Struhl et al. [21] postulated that adenine-rich tracts in yeast might affect the function of adjacent promoters by excluding nucleosomes. This was supported by earlier observations that polydA.polydT (about 1000 base pairs long) could not be successfully reconstituted onto nucleosomes [9] [10] [11] . In contrast the work presented here suggests that when such tracts are incorporated widiin other mixed sequences they can readily wrap around nucleosomes. Our work and other recent observations [3, [37] [38] suggest that polydA tracts do not prevent nucleosome formation and that these sequences may have some other role in vivo. The situation in vivo may be further complicated since several nonhistone proteins have been shown to interact with AT-regions, recognizing the structural parameters of die DNA minor groove [39] .
This work has also demonstrated that the helical periodicity may not be constant when highly repetitive regions are positioned around the nucleosome cores. This might seem surprising since there must be strong interactions between specific features of the protein surface and the DNA phosphates which would restrict the helical repeat permitted around the protein core. Further work will be necessary using other natural and synthetic sequences to determine whether this is a function of the DNA, the protein core or both.
